INTRODUCTION
Microbial xylanases form an enzyme complex that catalyzes xylan hydrolysis to xylan oligomers, xylobiose, and xylose. Filamentous fungi are particularly interesting because they secrete significantly higher levels of these enzymes into the medium than yeasts and bacteria. It is generally known that the key enzyme in the xylanolytic system is endo-1,4-bxylanase (1,4-D-xylan xylohydrolase; EC 3.2.1.8), which cleaves internal glycosidic bonds from 1,4-b-D-xylan chains. Xylanases have been widely used to treat lignocellulosic materials from agricultural, agroindustrial, and municipal residues (Khandeparker and Numan, 2008) . Locally, the commercial imbalance between export and import of enzymes provides an area of biotechnological opportunity (SIAVI, 2013) , where it is possible to compete with an optimal process to produce xylanases based in the fermentation of agroindustrial wastes with native microorganisms. Commercial xylanase preparations are not equally effective for the hydrolysis of lignocellulosic material that has been industrially processed. Thus, there is significant industrial competition for technological developments pertaining to xylanases so as to ensure comprehensive utilization of lignocellulosic biomass and to obtain products of commercial interest (Dhiman et al., 2008) . The competition also increases because the complexity and variability of cell wall polysaccharides are now very well understood.
The cost of enzymes in industry is very high. They represent a significant percentage of the total cost of lignocellulosic materials in hydrolysis processes. Therefore, studies have focused on reducing the cost of enzyme production (Klein-Marcuschamer et al., 2012) . Approaches for achieving this goal are numerous, but the exploration of organisms with new enzymes combined with factors related with production, such as selection of suitable substrates, modification of culture conditions, recycling enzymes, and process redesign, is limited.
Several studies have been conducted to search for filamentous fungi from different ecosystems that produce efficient xylanolytic complexes. This has been done for fungi associated with plants (pathogenic and nonpathogenic), waste-degrading fungi with xylanase extracts that lack any protease activity, soil fungi, and marine fungi (obligate and facultative, able to produce cellulase-free thermostable xylanase, and active at alkaline pH) (Raghukumar et al., 2004; Chipeta et al., 2005; King et al., 2011) .
Current studies are being conducted to identify efficient xylanolytic enzymes for use in industrial applications. Only a small percentage of fungal species has been studied for their biological diversity, and an even smaller percentage has been investigated in relation to xylanase production.
Given the abundance of fungal diversity, it is possible to isolate and culture a large number of species that have not been thoroughly studied. Reliable taxonomy is crucial for biodiversity assessment and habitat categorization based on species type. The criteria used to delimit and identify species of plant pathogenic fungi have changed dramatically with the development of modern molecular tools. Currently, multigene sequencing and phylogenetic analysis have become routine procedures for identifying new fungal species, particularly those that lack distinctive morphological characters (Cai et al., 2011) . Molecular identification based on fungal DNA sequences has become an essential component of fungal ecology research over the last 15-20 years and has provided new insights into the diversity and ecology of many different fungal groups. The aim of this study was to select and identify filamentous fungi from several ecosystems capable of producing extracellular xylanases with biotechnological potential.
MATERIAL AND METHODS

Collection of fungal isolates
One hundred three fungal isolates were obtained from soil samples and plant debris from orchard (16%), horticultural (76%), and forest ecosystems (8%). The orchard ecosystems included avocado, lemon, and macadamia, located at 19°25'00''N, 102°04'00''W. The horticultural ecosystems included beans, corn, garlic, sorghum, and wheat fields from several regions located at 22°35'00''N, 102°15'00''W. The forest ecosystems were located at 20°18'0''N, 101°10'59''W. Fungi were categorized using a progressive numeric key (1-103). Thirty-seven fungal isolates were previously characterized using classic taxonomical tools.
Fungal culture
Maintenance of fungal monosporic isolates and non-sporulating fungi (Mycelia sterilia) was conducted using spores or segments of young colonies on potato dextrose agar medium. The basal medium (BM) contained the following per liter: 5 g C 4 H 12 N 2 O 6 (ammonium tartrate), 1 g KH 2 PO 4 , 0.5 g MgSO 4 ·7H 2 O, 0.1 g yeast extract, 0.001 g CaCl 2 ·2H 2 O, and 16 g agar. Two carbon sources were used, 4 g/L dextrose for fungal propagation and 40 g/L xylan (Sigma, St. Louis, MO, USA) for xylanolytic index determination. Samples were incubated in the dark at room temperature until use.
Determination of xylanolytic index (XI)
The BM supplemented with birch wood xylan was inoculated with 3 propagules (5 x 5 mm) equidistantly from each other, from BM plates with dextrose previously cultured with the fungus. Petri plates were incubated in the dark at room temperature until the fungal colony diameter was 2 cm. Colonies were then stained with 0.125% I 2 (w/v) and 0.25% KI (w/v) iodine solution in aqueous solution for 5 min with gentle agitation. Iodine solution was removed by washing the plate surface twice with triple-distilled water. The complete hydrolysis of xylan around the colonies appeared as an opaque yellow area against a blue/reddish or purple color for degraded xylan (Pointing, 1999) . The xylan degradation diameter divided by colony diameter was represented as XI. The XI of fungal isolates was determined after measuring colony growth diameter and xylan degradation diameter using the ImageJ software from the NIH. The mean XI value was calculated from 6 replicates.
Xylanase production by fermentation in submerged culture
Xylanase production was carried out in submerged fermentation. The medium composition per liter of deionized water included the following: 1.4 g (NH 4 ) 2 SO 4 , 2.0 g KH 2 PO 4 , 0.1 g urea, 0.3 g MgSO 4 ·7H 2 O, 0.3 g CaCl 2 , 5.0 mg FeSO 4 ·7H 2 O, 1.56 mg MnSO 4 ·H 2 O, 2.0 mg CoCl 2 , 1.4 mg ZnSO 4 ·7H 2 O, 10 g beech wood xylan (Sigma), 3 g dextrose, and 100 mL vitamin solution (MEM Vitamins Solution 1000X, Sigma Cell Culture). The culture medium was sterilized by autoclaving at 121°C for 15 min. The final pH of the medium was 5.5. Inoculation was carried out using 4 propagules of 5 x 5 mm for each fungal isolate previously grown in BM. Liquid culture media were incubated at room temperature with agitation at 150 rpm. Fermentation was performed in triplicate. After 48-h fermentation, the supernatant was separated from the mycelium by filtration using filter paper and was centrifuged at 2814 g for 3 min. The supernatant was used to quantify xylanolytic and cellulolytic activities and extracellular protein.
Enzymatic assays
Endo-b-1,4-xylanase activity was measured following a modified method described by Bailey et al. (1992) . The reaction mixture containing 0.6 mL 1% (w/v) birch wood xylan in 0.05 M sodium citrate buffer, pH 5.0, and 0.6 mL enzyme properly diluted (3-50 mg/mL protein) was incubated at 50°C for 30 min. The reaction was stopped by boiling the samples in a water bath for 5 min. Next, the samples were centrifuged at 2814 g rpm for 3 min.
Endo-b-1,4-glucanase activity was measured following a modified method of Ghose (1987) . Aliquots of 0.5 mL enzyme diluted (3-50 mg/mL protein) were added to 0.5 mL 1% (w/v) carboxymethylcellulose (CMC) prepared in 0.05 M sodium citrate buffer, pH 5.0, mixed thoroughly, and incubated at 50°C for 30 min.
One unit (U) of endo-b-1,4-xylanase and endo-b-1,4-glucanase activity was defined as the amount of enzyme releasing 1 mmol reducing sugars per minute when xylose or glucose, respectively, was used as a standard.
Quantification of reducing sugars
An aliquot of 1 mL enzymatic reaction mixture was used to quantify the reducing sugars using 3,5-dinitrosalicylic acid reagent. The samples were incubated in a boiling water bath for 15 min. The reducing sugars released were quantified at 540 nm in a UV-visible spectrophotometer (Cary 50 Bio, Varian, Palo Alto, CA, USA).
Protein quantification
The extracellular protein from fermentation supernatants was quantified using the Lowry method (Lowry et al., 1951) . Bovine serum albumin was used as a standard. Each assay was performed in duplicate.
Molecular identification of fungal species
Genomic DNA extraction
Genomic DNA extraction was carried out using the modified method of Lin et al. (2001) . Fungal isolates were cultured and grown on a cellophane membrane placed on potato dextrose agar medium surface at 25°C for 15 days. The mycelium was separated from the cellophane membrane and ground with liquid nitrogen to a fine powder. A sample of 150 mg powdered mycelium was placed in an Eppendorf tube and was mixed thoroughly with 600 mL DNA extraction buffer, which contained 100 mM Tris-HCl, pH 8.0, 50 mM EDTA, pH 8.0, 500 mM NaCl, 2% SDS (w/v), 2% b-mercaptoethanol (v/v), and 1% polyvinylpyrrolindone (w/v). The samples were incubated at 65°C for 15 min. Next, they were centrifuged at 13400 g for 10 min. The supernatant was transferred to a fresh tube and 5 mL RNAaseA (Sigma) was added to the mixture. The reaction mixture was incubated at 37°C for 10 min. After incubation, an equal volume of phenol:chloroform:isoamyl alcohol (50:49:1) mixture was added and mixed thoroughly. The samples were centrifuged at 13400 g for 3 min. The supernatant was transferred to a fresh tube and an equal volume of cold isopropanol was added to precipitate the DNA. The samples were incubated at -80°C for 1 h. Samples were centrifuged at 13400 g for 10 min and the supernatant was discarded. The DNA pellet was washed with 70% cold ethanol (v/v), dried, and re-suspended in deionized water. Genomic DNA samples were subjected to electrophoresis and visualized on a 1.0% agarose gel (w/v) stained with ethidium bromide, using a Transiluminator white/UV model LMW-20 UVP ® system (Upland, CA, USA).
Species-specific polymerase chain reaction (PCR)
The oligonucleotides pair internal transcribed spacer 1 (ITS1) and ITS4, which were specific to selected fungal isolates, were used in the PCR assays. Forward primer (ITS1): TCCGTAGGTGAACCTGCGG and reverse primer (ITS4): TCCTCCGCTTATTGATATGC. The reaction mixture was prepared in a total volume of 25 mL, with a final concentration of 2 mM MgCl 2 , 200 mM Tris-HCl, pH 8.4, 500 mM KCl, and 0.2 mM of each dNTP. For each reaction, 0.04 U/mL Taq 5U polymerase (Invitrogen, Carlsbad, CA, USA), 0.2 mM of each primer, and 1 mL fungal template DNA were used. The reaction was performed in a Techne C-512 PCR system thermal cycler (Barloworld Scientific, Staffordshire, UK) using the following PCR conditions: denaturation at 95°C for 8 min; 35 cycles of denaturation at 95°C for 15 s, annealing at 50°C for 20 s, and extension at 72°C for 1 min; final extension at 72°C for 5 min; and cooling at 4°C until recovery of the samples (Carbone and Kohn, 1999) . Amplification products were visualized on a 1.0% agarose gel (w/v) stained with ethidium bromide in a Transiluminator 3UV TM model LMS-20E UVP and analyzed using the program Quantity One version 4.2.1 (Bio-Rad, Hercules, CA, USA).
primer pair ITS1 and ITS4 was used for PCR with annealing at 50°C. After amplification, the products were directly sequenced using a sequencer 3730xI (Applied Biosystems, Foster City, CA, USA). All sequencing products were edited and analyzed using the software BioEdit version 7.1.3.0. Sequences were then used as a query to search for similarities using the BLAST network services on the NCBI website.
Visual demonstration of fungal xylanases
Extracellular protein preparation
After submerged fermentation, the supernatant was separated from the mycelium by filtration through a filter paper and then through a 0.45-mm membrane. The filtrate was centrifuged at 3600 rpm for 15 min. The clarified protein extract was frozen at -20°C for 24 h and dried in lyophilization equipment (Freeze Dry System/LYPH LOCK ® 4.5, Labconco, Kansas City, MO, USA) at -40°C and 50 x 10 -3 Mbar vacuum pressure. The protein was used for electrophoretic assays.
Polyacrylamide gel electrophoresis
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was conducted under denaturing conditions. A discontinuous gel was prepared with a 4% stacking gel and 17% resolving gel containing 0.015% birch wood xylan (w/v). For electrophoresis, 11 mg concentrated protein was applied. The following molecular weight standards (Bio-Rad) were used (Da): triose phosphate isomerase (26,625), myoglobin (16,950), a-lactalbumin (14,437), aprotinin (6512), insulin B chain (3496), and bacitracin (1423). Electrophoresis was carried out at 110 V for 1.6 h in an ice bath.
Zymogram analysis
After electrophoresis, the gel was stained according to the modified method of Khucharoenphaisan et al. (2010) . The gel was rinsed in 50 mM sodium citrate buffer, pH 5.0, for 1 h at 4°C and incubated in the same buffer at 50°C for 72 h. The gel was washed several times with deionized water and then stained for xylanase activity with 0.1% Congo red dissolution (w/v) for 30 min at room temperature. Finally, the gel was washed with 1 M NaCl to remove excess dye and then fixed with 0.5% acetic acid (v/v).
Silver staining
The gel was incubated for 1 h in a methanol, acetic acid, and deionized water mixture (40:10:50, v/v), to fix the proteins. The gel was washed for 24 h with several changes of deionized water and incubated in 0.02% sodium thiosulfate (w/v) for 1 min. The gel was washed again 3 times with deionized water for 60 s and incubated in 0.1% silver nitrate (w/v) with 0.02% formaldehyde (v/v) at 4°C for 20 min. The gel was washed 3 times with deionized water for 60 s and placed in a new staining tray of silver nitrate. The gel bands were developed in 3% sodium carbonate (w/v) with 0.05% formaldehyde (v/v). This developing solution was changed immediately after it turned yellow. Finally, the gel was washed with deionized water for 20s and staining was terminated with 5% acetic acid (v/v) for 5 min.
Data analysis Correspondence analysis
Correspondence analysis was conducted to study the association or dependence level among fungal isolates and their response to culture conditions. Categorical variables such as fungal growth on solid medium (FG), xylanolytic index (XI), xylanolytic activity (XA), and cellulolytic activity (CA) were recorded to facilitate the selection of the best fungal isolates. The growth of fungal isolates on solid medium was determined by calculating the ratio of colony diameter divided by the time of incubation. Categorical variables were organized in a 2-way matrix. The variables FG, XI, XA, and CA were assigned to columns and fungal isolates were assigned to rows. The mean of the values was used for statistical analysis. The distance between points in a bi-dimensional space indicates the level of similarity or affinity between categorical variables. A smaller distance between categorical variables indicates greater similarity.
Statistical analysis
The confidence interval was used to compare XI mean values of all fungi, with 95% confidence representing a statistically significant difference. In correspondence analysis, the difference between observed and expected frequencies was used to compare categorical variables. The observed frequency must be greater than the expected frequency to confirm that affinity between categorical variables exists, considering the hypothesis of independence among variables. A more similar numerical value of the difference between frequencies indicates higher affinity or dependency. Data were analyzed using the software Statistica version 8 (StatSoft, Inc., Tulsa, OK, USA).
RESULTS
Profile of xylanolytic and cellulolytic activities of fungal isolates
The 103 fungal isolates were cultivated with xylan as the sole carbon source. In solid medium, 2 groups of fungi were classified based on their XI ( Figures 1A and 2) . Sixty fungal isolates, those with the highest XI, were analyzed together in the first fungal work group to identify additional classification parameters. After the submerged fermentation process, xylanolytic and cellulolytic activities were measured. Xylanolytic activity values were graphed from high to low ( Figure 1B) .
Under the conditions used in the experimental assay, 2 groups of fungi were highlighted. One group showed only xylanolytic activity, while the other group showed both xylanolytic and cellulolytic activities. A total of 39% of fungi studied showed no cellulolytic activity (Table 1) .
Selection of the fungal group to study xylanolytic and cellulolytic activities
Fungal isolates were grouped based on the identification of systematic relationships between the values of the variables FG, XI, XA, and CA (Figure 3 ). Fungi were distributed in several zones within a Cartesian plane corresponding to a variable of major weight using correspondence analysis. A group of fungi was located near FG and XI because they showed significant similarity. Another group of fungi located between the XI and XA exhibited considerable XI and xylanolytic activity. Isolate 60 was located very close to CA, which was consistent with the out standing cellulolytic activity observed in liquid medium. However, the behavior of isolates 56, 59, and 60 differed from the other group members. They showed great dissimilarities among themselves. A strong association was observed between the XI and FG parameters. Behavioral patterns were determined by comparing fungal isolates for selection from a group with similar characteristics (Figure 3) . A group of fungi was selected based on its proximity to the XA variable. The numbers in bold correspond to fungal isolates with the highest affinity. Most fungal isolates in this group belonged to horticultural ecosystems, except 13 and 20, which were from orchard ecosystems. The fungal isolates 41, 44, 48, 49, 58, 59, 71, 84, 86, 87, 89, 90 , and 91 were obtained from the same geographical region.
Statistically, variables in which observed frequencies were higher than expected frequencies (OF-EF) were similar, which was in accordance with the hypothesis of independence among variables. Fungal isolates 13, 41, 58, 59, 71, 84, 86, 87 , and 91 showed the highest OF-EF value and had the greatest contribution to the total activity in the group of fungal isolates ( Table 2 ).
Molecular identification of xylanolytic fungi
Based on the criteria above, these fungal isolates were selected for molecular identification. Selected fungal isolates were tested using the species-specific primers ITS1 and ITS4. All isolates yielded PCR products using this primer pair (Figure 4) . Eight of the 9 selected isolates were species from the Fusarium genus (Table 3) Fusarium solani strains (59 and 87) showed the best xylanolytic/cellulolytic activity ratio, but, numerically, isolate 59 showed the best value relative to xylanolytic activity (Table 4) .
Zymogram analysis
Xylanolytic activity of F. solani was determined using electrophoresis with separation under denaturing conditions. Zymogram analysis was performed to visualize the specific activity and the number of enzymes responsible of the observed activity (multiplicity of xylanases). Figure 5 shows the stained gels after electrophoresis. Lane 1 shows molecular weight markers, lanes 2 and 3 show the extracellular protein profile and zymogram of xylanolytic activity from F. solani (isolate 59), which were revealed using silver nitrate and Congo red, respectively. The zymogram showed 1 well with a defined, clear area resulting from enzyme hydrolysis of xylan; a matching band was observed on the silver-stained gel and had a molecular weight of 19 kDa. (26,625), myoglobin (16,950), α-lactalbumin (14,437), aprotinin (6512), insulin B chain (3496) , and bacitracin (1423); lanes 2 and 3 = extracellular protein and zymogram xylanase activity of isolate 59, revealed with silver nitrate and Congo red, respectively.
DISCUSSION
Fungi were collected from different ecosystems and several tests were conducted to obtain a small group of fungal producers with interesting xylanolytic activity. All samples grew on solid medium with xylan as the sole carbon source. Sixty isolates were selected in the first fungal group, in which 27 fungal isolates showed an XI ≥ 1.0. Fifty-four fungal isolates were from horticultural, 4 were from forest, and 2 were from orchard ecosystems.
Two groups of fungi were highlighted based on their extracellular enzyme production. The first group was distinguished because it showed only xylanolytic activity under the experimental conditions used. Motta et al. (2013) found that selective production of xylanase was possible using only xylan as a carbon source, as the mechanisms governing the formation of extracellular enzymes with regards to the carbon sources present in the medium are influenced by the availability of precursors for enzyme synthesis. Another fungal group showed both xylanolytic and cellulolytic activities. Fungal xylanases are generally associated with cellulases (Steiner et al., 1987) , including those from species of Aspergillus, Thermomyces, Myceliophthora, Thermomucor, and Candida cultured on medium containing corn straw and cardboard as carbon sources under solid state fermentation (Moretti et al., 2012) . In filamentous fungi, the production of plant cell wall-degrading enzymes (cellulases, hemicellulases, ligninases, and pectinases) is mainly regulated at the transcriptional level. Genes are induced in the presence of polymers, molecules derived from polymers, or other inducers. Significant crosstalk occurs regarding the induced expression of genes encoding for different classes of enzymes. For example, in some fungi under specific growth conditions, the same compounds may induce expression of both cellulases and hemicellulases. Additionally, coordinated transcriptional regulation by the activator XlnR has been observed at various levels during the extracellular production of xylanases and cellulases (van Peij et al., 1998; Aro et al., 2005) .
A second screening was performed in 60 fungal isolates by using variables to discriminate and to select a second fungal group.
A strong association between the categorical variables XI and FG was observed. This indicates that fungal growth depended on nutrient type and the ability to secrete xylanolytic enzymes to degrade xylan present in the culture medium. Fungal isolates 13, 20, 41, 44, 48, 49, 58, 71, 84, 86, 87, 89, 90 , and 91, among variables XI and XA, stood out for its ability to produce extracellular xylanases in both solid and liquid media. Fungal isolates 56, 59, and 60 showed behavioral pattern that differed from the rest of the group. These fungi are more distantly related to the other fungal isolates, indicating that the mechanisms and components of the genomic inventory used for regulation of plant cell wall-degrading enzymes are diverse in different fungi (Glass et al., 2013) .
The identification of xylanolytic fungal isolates selected was conducted with molecular tools using the ITS ribosomal gene region (Summerell et al., 2010) . One of them was identified as Phoma herbarum, which was isolated from avocado trees. The remaining 8 fungal isolates were species from the Fusarium genus, which were isolated from bean crop fields. Species belonging to the Phoma genus and related coelomycetes are often encountered as virulent plant pathogens (Aveskamp et al., 2008) . Phoma herbarum is a cosmopolitan fungus that has gained global attention in recent years for its ability to produce many functional chemicals with potent activity (Goldring and Pattenden, 2006) . Additionally, it causes severe diseases in a variety of hosts, including plants and vertebrates (Faisal et al., 2007; Tullio et al., 2010) . However, few studies have examined the xylanolytic activity on Phoma species (Bradner et al., 1999; Yang et al., 2005; Bezerra et al., 2012) .
The Fusarium genus includes more than 80 fungal species with considerable differences in their biology, ecology, and economic significance. This genus is well known in agriculture and forestry for the adverse effects of its phytopathogenic species as well as for their contaminant mycotoxins that may affect vertebrate health (Silvestro et al., 2013) . Survival in these habitats implies that Fusarium spp are useful with respect to obtaining extracellular enzymes. However, information regarding the enzyme production abilities of Fusarium sp has not been thoroughly examined.
F. tricinctum is a food contaminant that produces toxic metabolites; its wide distribution in crops and plant products is well known. This fungus is frequently isolated from moldy grains such as corn and rice. Additionally, it is the causative agent of drowning and root rot in wheat (Bamburg et al., 1969) . The effect of F. tricinctum extends beyond plants and their products. In vertebrates, this fungus causes mycotoxicosis after ingestion. In recent years, studies of F. tricinctum have focused on the purification and bioactivity analysis of toxigenic and antimicrobial substances produced by the fungus.
It has been shown that these cereal pathogens produce more xylanases than other cell wall-degrading enzymes. This feature may be related to the composition of graminaceous crops and grasses, as arabinoxylan accounts for up to 40% of cell walls. The presence of xylanases in several Fusarium species has been reported (Beliën et al., 2007) . However, there have been no reports of F. tricinctum xylanolytic activity.
Fungal isolate 59 was selected in this study for its high extracellular xylanolytic activity in both solid and liquid cultures and by its lack of cellulolytic activity. This fungus was identified as F. solani, which is a promising organism for studying nutritional factors to improve the production of extracellular xylanases. There have been a few reports of efficient production of xylanase by F. solani, including the optimization of enzyme production (Obruca et al., 2012) .
Zymogram analysis revealed the presence of xylanase activity as indicated by a clear hydrolysis zone in the gel stained with Congo red. Using the zymogram method, the multiplicity of xylanases in F. solani was absent, despite that several studies have reported the presence of multiple xylanases in filamentous fungi using the same method (Raghukumar et al., 2004) .
The relative molecular weight of this enzyme was estimated to be 19 kDa. It was reported that endoxylanases have a low molecular weight (Mellon et al., 2011) . However, additional studies are needed to determine other biochemical features of F. solani enzymes, such as isoelectric point, thermo stability, substrate specificity, and size of oligosaccharides produced as by-products. Further studies are necessary to confirm that the electrophoretic signal corresponds to a single enzyme. Nevertheless, enzyme multiplicity has been reported in other fungi, including Aspergillus sp fungi such as A. nidulans, A. oryzae, A. niger, and A. fumigatus (De Souza et al., 2011) .
Fungi have determinant factors for the production of extracellular lytic enzymes, such as the composition and structure of cell wall, which differs among plant lineages. Additionally, the type of polysaccharides in the hemicellulose fraction varies between plants. Fungi associated with plants, saprophytes, or plant pathogens that inhabit various ecosystems can secrete specific hydrolytic enzymes to degrade these hetero-polysaccharides. Some lignocellulosic materials from horticultural crops contain a higher percentage of hemicelluloses than those from orchard and forest crops. This has been observed for barley straw, which contains 28-30% of hemicelluloses, an amount significantly higher than the amount present in pine wood, which contains only 8.8% (Jørgensen et al., 2007) . Because of this biological ability, most of the best selected fungi are located in horticultural ecosystems.
Fungal growth on xylan, in a lower nitrogen/carbon ratio and without cellulose contamination, is a strategy for producing xylanolytic systems free of cellulases. Additionally, the results obtained in the present study contribute to the potential for using P. herbarum, F. tricinctum, and F. solani to lyse hemicelluloses into as similable monomers. Therefore, these fungi are promising microorganisms that can be used in the design of a production method to obtain extracellular xylanases in large quantities, particularly isolate 59, identified as F. solani, which was selected for its ability to produce extracellular xylanases with biotechnological potential.
